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ABSTRACT 
Objectives: The purpose of this study was to investigate the influence of saliva contamination 
and subsequent surface treatments on the shear bond strength of two different resin cements to 
zirconia. 
Materials and Methods: One hundred sintered zirconia specimens were divided into two groups 
(n=50), one for each resin cement to be tested. Each group was divided into five sub-groups 
(n=10) based on the surface treatment the zirconia plates were going to receive; namely control 
(CL), saliva contaminated (SC), water washed (WW), Ivoclean (IC) and air abrasion (AA). In the 
control group, no contamination or surface treatment was performed. Specimen surfaces of the 
rest of the experimental groups were contaminated with saliva, and then submitted to drying with 
air only (SC); washed with water (WW); treated with Ivoclean cleaning paste (IC); or 
sandblasted with aluminum oxide particles (Al2O3) (AA). Multilink Automix (MA) and RelyX 
Ultimate (RU) resin cement cylinders were made and bonded to conditioned zirconia specimens 
using the Ultradent jig method. All bonded specimens were placed inside glass containers filled 
with deionized water inside an incubator at 37 °C for 24 h. After 24 h, the shear bond strength of 
the bonded specimens was tested using an Instron Universal Testing Machine with a crosshead 
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speed of 0.5 mm/minutes. Statistical analysis was performed by ANOVA and data were analyzed 
with Tukey-Kramer HSD multiple comparison tests at the 0.05 level of significance.  
Results: Within the limitations of this in vitro study, it was determined that saliva contamination 
significantly reduced resin bond strengths to zirconia ceramic. Airborne-particle abrasion was the 
most effective cleaning and surface treatment. It significantly increased the shear bond strength 
of (MA) (13.73 ± 1.39 MPa) and (RU) (6.34± 0.8 MPa). The IC was effective in removing saliva 
contamination and enhancing the resin bond strength of (MA) (10.9 ± 1.28 MPa) and (RU) (3.1± 
0.16MPa). Water did not remove saliva contamination and did not improve (RU) bond strength 
to zirconia (1.73 ± 0.25 MPa). There was no significant difference (p>0.05) between the shear 
bond strengths of (MA), water washing (4.7± 0.64 MPa), and control groups (4.9± 0.27 MPa). 
Conclusions:  If contamination occurs, a surface treatment is required to guarantee an adequate 
interaction between the resin cement and the zirconia surface. Airborne-particle abrasion and 
Ivoclean surface treatments are effective in removing saliva contamination and enhancing the 
resin bond strength. Washing with water alone did not improve resin bond strength.  
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INTRODUCTION 
Metal-ceramic restorations have been available for more than three decades. Due to their 
predictable performance and acceptable esthetics, these restoration materials became popular 
(Heffernan et al. 2002). 
 Dr. Charles Land introduced the first all-porcelain “jacket” crown in 1900. More 
improvements were made to this material by E.B. Spaulding and publicized by W.A Capon. In 
1950 porcelain-fused-to-metal (PFM) crown was introduced by Abraham Weinstein in order to 
reduce the risk of internal microcracking of the porcelain “jacket” crown (PJC) during the 
cooling phase of fabrication (Helvey 2010). A resurgence of an all-ceramic restoration came in 
1965; feldspathic porcelain was reinforced with alumina crystals (up to 50%) by W. McLean and 
T.H. Hughes (Shen 2013). All-ceramic materials are metal free restorations which have special 
characteristics, such as superior esthetic features, shade stability , biocompatibility, high 
resistance to attrition and low thermoconduction (Lee et al. 2015). Moreover, due to the indirect 
fabrication of all-ceramic restorations, more precise contours and contacts can be achieved as 
compared to directly placed restorations (Kansu and Aydin 1996). 
 All materials have advantages, disadvantages, benefits and risks inherent in their 
properties. Ceramic restorations are difficult to repair; if fracture happens, repair is not the 
perfect treatment. It is
 
challenging to polish zirconia restorations intraorally once they are 
cemented because of access problems and the lack of good instruments to perform this task.  
Additionally, due to the brittleness of ceramics, an adequate thickness should be provided to 
avoid fracture of the restoration. All-ceramic restorations are fabricated indirectly and need a 
minimum of two appointments to be delivered. These extra laboratory charges make all-ceramic 
restorations more expensive than other direct restorations (Griggs 2007). Moreover, all-ceramic 
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restorations can cause wear to opposing restorations and dentition (al-Hiyasat, Saunders, and 
Smith 1999).  
 All-ceramic restorations can be classified as silica-based ceramics such as feldspathic 
porcelain, lithium disilicate ceramics and leucite-reinfoced, and non-silica-based ceramics 
(zirconia and alumina) (Powers and Farah, 2010). 
 
1. Zirconia 
Zirconia is a polycrystalline material that may occur in three phases (monoclinic, cubic and 
tetragonal) depending on pressure and temperature conditions (Figure 1). Pure zirconia is 
monoclinic at room temperature. This phase is stable up to 1170°C.  Above this it transforms 
into the more dense tetragonal phase and then into its cubic phase at 2370°C. The cubic phase 
remains stable from 2370°C to the melting temperature of 2680°C (Lucas 2015). The 
transformation from tetragonal to monoclinic results in a volume expansion of 4% to 5%. 
Zirconia can be stabilized in the tetragonal phase at room temperature by the addition of oxides 
such as yttrium oxide (Y2O3), magnesium oxide (MgO), calcium oxide (CaO), and others. This 
partially stabilized zirconia has high flexural strength and fracture toughness. 
In recent years, zirconia became one of the most popular restorative materials in dentistry 
due to its superior mechanical strength, chemical and structural stability, favorable esthetics, 
biocompatibility and transformation toughening. Transformation toughening occurs when the 
material undergoes microstructural changes when subjected to stress resulting in a 
transformation from the tetragonal to the monoclinic phase, which has an associated volume 
expansion. The volume expansion can arrest and slow down crack propagation (Lee et al. 2015). 
This feature was documented first by Garvie et al. in 1975 (Garvie, Hannink, and Pascoe 1975)  
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Biocompatibility of zirconia was examined widely in the biomedical field before it was 
used in dentistry. For instance, a study done by Helmer and Driskell reported that no adverse 
tissue reactions were found when dense zirconia (6% yttrium oxide) was implanted into a 
monkey’s femur (Ozkurt and Kazazoğlu 2010).  
Different types of commercial zirconium oxide systems have been presented by CEREC 
inLab (Sirona), Cercon (Dentsply), IPS e.max ZirCAD (Ivoclar Vivadent), LAVA (3M ESPE), 
InCeram Zirconia (Vita), Versus System (Whip-Mix), KATANA (Noritake), DCS system 
(DCS), KaVo Everest (KaVo), ZENO Tec System (Wieland) and Procera AllZirkon 
(NobelBiocare).   
Currently, zirconia restorations are fabricated using computer-aided design computer-
assisted manufacturing (CAD/CAM). The CAD/CAM technique  solved the problems associated 
with handling the hardness of the zirconia (Tore Derand 2006)(Talua 2011) . 
 
 
 
Figure 1: Phases vs temperature of zirconia. 
 
Indications for zirconia based ceramics 
• Zirconia has superior esthetic properties compared to metal or metal-ceramic restorations. 
• Zirconia ceramics have been used in the fabrication of anterior and posterior crowns, 
especially for endodontically treated teeth to cover discoloration. 
• Inlays, onlays, fixed partial denture frameworks, implant abutments and dental implants. 
2370 °C
Monoclinic
(M)
Cubic
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• Due to its high flexural strength and fracture toughness, zirconia is used with patients 
who are heavy bruxers or who exhibit any other parafunctional habits (Radhakrishnan 
2014) (Powers et al. 2009).  
 
Contraindications for zirconia based ceramics 
• Limited interocclusal distance in cases of deep overbite, short clinical crowns, or with a 
super erupted opposing tooth (Conrad, Seong, and Pesun 2007).  
• Inability to maintain a dry field: ceramic restorations require good moisture control at the 
time of their cementation to guarantee a good bond (Sturdevant 2002).  
• Deep subgingival preparation is not an absolute contraindication, although supragingival 
preparation is required to produce a more accurate impression (Sturdevant 2002). 
 
2. Resin Cements 
Cementation is an important step in the process of ensuring the success and longevity of all-
ceramic restorations. Resin cements have been available since 1952 for cementation of indirect 
restorations (Craig and Ward 1997). They are low viscosity composite materials composed of 
polyfunctional dimethacrylate based monomers; for example Bis-GMA or urethane 
dimethacrylate (UDMA), and inorganic fillers of colloidal silica or fine barium glass between 
20% to 80% by weight (O’Brien 1997). Their composition is similar to that of resin composite 
restoratives but with less filler loading. 
The development of resin cements has been one of the major advances in restorative 
dentistry. They are designed to deliver high modulus, tensile, and compressive strength, have 
low solubility in the oral cavity and provide a strong, durable resin bond. Resin cements can 
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bond to both tooth surface and the restoration, which reduces microleakage, recurrent caries, 
staining of the margins, and post operative sensitivity (Radhakrishnan 2014). Furthermore, this 
strong resin bond provides high retention, increases marginal adaptation, and increases fracture 
resistance of the restored tooth and the restoration (Blatz, Sadan, and Kern 2003). There has been 
an increased interest and demand in the use of resin cement due to these characteristics.  
Peutzfeldt et al. compared the shear bond strength of zirconia and dentine using eight 
different cements. This study showed that resin cements produce higher bond strengths than 
conventional water based cements, such as zinc phosphate and glass ionomer, and resin modified 
glass ionomer cement (Peutzfeldt, Sahafi, and Flury 2011). Another study confirmed that resin 
cements produce a clinically acceptable shear bond strength compared to glass ionomer cement 
even after thermocycling (Kim et al. 2011). Another study evaluated the bonding of zirconia 
using 11 cements with and without artificial aging and discovered that the resin cements formed 
stable and strong bonds after water storage and thermocycling (Piwowarczyk, Lauer, and 
Sorensen 2005).There are a wide range of resin cement products available in market that have 
been used. 
 
Multilink Automix cement 
Multilink Automix is fabricated by Ivoclar-Vivadent, Schaan, Liechtenstein. It is a self-cure 
cement that has a light-cure option.  It comes with Monobond Plus primer, a universal primer 
which can be used with numerous restoration materials. It contains three different functional 
methacrylates (silane methacrylate, phosphoric methacrylate and sulfide methacrylate). It 
produces a strong bond between the restoration and the resin cement. It also has Multilink Primer 
A and B, self-curing and self-etching primer.  Multilink Primer A is an aqueous solution of 
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initiators. Multilink Primer B contains HEMA, phosphonic acid and methacrylate monomers and 
is applied to the tooth surface. 
 
RelyX Ultimate cement 
RelyX Ultimate resin is a dual cure resin cement from 3M ESPE. It has base paste and catalyst 
paste. The base paste contains: silanated silica, propenoic acid, dimethacrylate, glass oxide, 
disodium peroxodisulphate and trimethylperoxyhexanoate. The catalyst paste contains silanated 
silica, bismethacrylate, calcium salt, calcium hydroxide, and titanium dioxide. The cement was 
designed to function best when combined with Scotchbond Universal adhesive. Scotchbond 
Universal adhesive is a one-component dental adhesive which can be used as a self-etch, 
selective-etch or total-etch approach, for both direct and indirect restorations. Scotchbond 
universal adhesive is composed of phosphorylated monomers in a water/ethanol based solution 
that provides acidity, allowing bonding to dentin and enamel without the need for a separate 
etching step with phosphoric acid. 
 
3. Bonding Mechanism of All-Ceramics 
When bonding ceramic to tooth structure, two interfaces influence the final bond strength of the 
restoration; the tooth - resin cement and the ceramic-resin interfaces. Thus, it is important to 
establish the most favorable bond strength at these interfaces.   
 Silica based ceramics need to be pretreated by acid etching with hydrofluoric acid gel 
before the application of the silane coupling agent to achieve chemical bonding between the 
silica based ceramic and the resin cement. Hydrofluoric acid dissolves the surface of silica based 
ceramics and roughens it (Powers et al. 2009). 
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Obtaining adhesion between resin cement and a zirconia surface requires a completely 
different protocol since zirconia is a highly crystallized, silica-free and acid-resistant material. 
Thus, etching zirconia surfaces with hydrofluoric acid to prepare  for resin composite cement 
bonding is not effective in anchoring the zirconia surface, due to the high corrosion resistance 
and surface stability of the zirconia (Sanohkan et al. 2013) (Powers et al. 2009) .  
For a strong bond between resin cement and zirconia ceramics, it is essential for the 
bonding surface to be roughened, activated for chemical bonding with adhesive monomer in 
special primers, and free of any contaminants. 
 
4.  MDP Monomer 
Primers improve bonding between resin cements and various restorative materials. 
 Different primers have been introduced to improve the bonding strength of zirconia. Studies of 
shear bond strength between resin cements and zirconia ceramic have shown and support that 
using MDP-containing primer on the zirconia surface provides high bond strength values (Kern 
and Wegner 1998). MDP monomer is a primer that contains 10-methacryloxydecyl dihydrogen 
phosphate (Table 1). It also contains silane and an ethanol solvent which is used to maintain the 
shelf life.  
MDP monomer was first introduced in 1981 by Kuraray. The MDP monomer is effective 
for chemical bonding to enamel, dentin, metal alloys and high-strength zirconia (Dadjoo 2013). 
It is a relatively hydrophobic monomer due to its 10-carbon chain. A plausible bonding 
mechanism can be explained by the ability of the hydrophilic phosphate terminal end to 
chemically adhere to zirconia while the polymerizable methacrylate terminal end adheres to resin 
(Figure 2) (Dadjoo 2013). Hypothetically, application of an MDP primer to the surface of 
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zirconia should expose the hydrophobic methacrylate ends of the bound MDP molecules. 
Increasing the hydrophobicity of the zirconia surface will decrease wetting of the zirconia by 
saliva.  Studies of resin cements’ shear bond strength to zirconia ceramic have revealed that resin 
cements which contain an adhesive phosphate monomer provide significantly higher bond 
strength values (Kern and Wegner 1998) (Blatz et al. 2004). 
 Kern and Wegner were the first to document the long term bond strength of phosphate- 
containing-monomer (MDP) resin cements to zirconia (Kern and Wegner 1998). Further studies 
by the same authors confirmed that the phosphate ester group of MDP forms a chemically water 
resistant bond with zirconia which increases durability (Wegner and Kern 2000).  
 
Name Molecular           
Structure 
Molecular       
Formula 
Molecular 
Weight 
Density 
 
Estenia Opaque Primer; 
10-Methacryloyloxydecyl dihydrogen 
phosphate;  
Mono-10-methacryloyloxydecyl 
phosphate 
 
 
 
C14H27O6P 
 
 
322.33 
 
 
1.136 
 
Table 1: MDP monomer properties 
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Figure 2: Chemistry of MDP monomer bonded to zirconia. 
 
5. Air Abrasion (sandblasting) 
Different roughening techniques such as grinding, abrasion with diamond rotary instruments, 
airborne particle abrasion with alumina or silica-modified alumina particles, acid etching, or a 
combination of these techniques have been used to improve zirconia’s bonding ability by 
micromechanical interlocking (Shahin and Kern 2010). Sandblasting with aluminum oxide 
particles (Al2O3) is one of the alternative bonding strategies used to achieve reliable and durable 
bond strength. Treatment by sandblasting was found to result in the loss of surface material and 
to increase surface roughness. Airborne particle abrasion is quite an old technique that just lately 
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has regained attention in dentistry. It is performed to remove layers of contaminants and improve 
micromechanical retention between the resin cement and the restoration. Zirconia surfaces 
roughened by air abrasion with aluminum oxide (Al2O3) particles may allow resin cements to 
flow into the surface micro-retentions and create a stronger micromechanical interlock (Kern and 
Wegner 1998). Air abrasion units use aluminum oxide particles with sizes ranging from 25µm to 
250µm (Talua 2011).  
Airborne particle abrasion has been identified as an effective method of obtaining high 
strength and durable resin bond to zirconia (Dadjoo 2013). It was reported that MDP- containing 
resin cements in conjunction with alumina particle air abrasion resulted in strong resin bond 
strengths (Ishii et al. 2015). The MDP resin cements are hydrolytically stable and therefore tend 
not to decrease in bond strength over time (Patel 2015). 
 
6. Saliva Contamination 
After clinical try-in and before cementation, contamination with saliva and blood is a major 
concern that significantly affects resin bond strength to zirconia. Moisture, such as gingival fluid, 
blood and saliva can affect the quality of the bond leading to microleakage at the interface. As a 
result, loss of the restoration, recurrent caries, postoperative sensitivity, and discoloration may 
occur. Saliva contamination is reportedly the main reason for reduced resin bond strength (Yang 
et al. 2007). The phosphate group found in saliva and other fluids reacts with the zirconia surface 
and makes it difficult for the resin cement to bond to the zirconia (Patel 2015) (Munaga et al. 
2014). Saliva consists of organic materials such as salivary proteins, bacteria and food debris in 
water solution. After saliva contamination, salivary protein adsorption appears on the restoration 
surface as well as on the tooth. It is not possible to achieve a durable bond to the ceramic after 
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saliva contamination using only water rinsing (Yang et al. 2008). 
 Contamination control has become a major issue because dental adhesives are highly 
vulnerable to contamination. It is very demanding to control saliva in the oral cavity, for example 
in circumstances where cavity margins extend below the gingival tissues, or when indirect 
restorations are placed. Several studies presented different methods to remove contamination but 
none of the methods have proved to be best. XPS (X-ray photoelectron spectroscopy) analysis 
shows that the organic coating that appears on a zirconia surface after saliva contamination 
resisted complete removal by rinsing with water, isopropanol, or with phosphoric acid         
(Yang et al. 2008)  
 
7. Ivoclean 
To solve the problem of saliva contamination, a new universal extra-oral cleaning agent, 
Ivoclean, has been introduced (Ivoclar-Vivadent, Schaan, Liechtenstein) (Figure 3). Ivoclean can 
be used with all types of dental restoration materials. Ivoclean is an alkaline suspension 
containing zirconium oxide particles, water, polyethylene glycol, sodium hydroxide, and other 
additives. Due to the size and concentration of zirconium oxide particles in Ivoclean, the saliva 
phosphate contaminants are more likely to bond to them than to the zirconia surface (Figure 4). 
Ivoclean adsorbs phosphate contaminants, leaving behind a clean zirconia restoration surface 
(Patel 2015). The manufacturer claims that a simple application of the Ivoclean paste for 20 
seconds, followed by water rinsing and air drying, successfully cleans the saliva contaminated 
bonding surfaces of many dental restoration materials and will enhance the resin bond strength to 
zirconia restorations. Feitosa et al. suggest that Ivoclean was able to maintain adequate shear 
bond strength values after thermocycling and 150 days of storage comparable to uncontaminated 
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zirconia. Moreover, a study done on saliva contaminated, air abraded zirconia, implied that 
Ivoclean is effective in removing saliva contamination and enhancing resin bond strength       
(Kim et al. 2015). 
 
 
Figure 3: Ivoclean paste. 
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8. Failure Modes 
It is important to consider the difference of failure types. The failure of resin cement can be 
categorized into two types: adhesive failure, where failure occurs at the interface between the 
resin and the substrate (restorative material or tooth structure) and cohesive failure, where the 
failure occurs within the resin itself (Figure 5) (Fraunhofer et al. 2012)  
                           Figure 4: Schematic representation of the cleaning action of Ivoclean on zirconium oxide 
surface. 
14 
 
                   
Figure 5: Adhesive and cohesive failures. 
  
Resin cementà 
ßZirconia 
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THE PURPOSE OF THE STUDY 
The purpose of this study was to investigate the influence of saliva contamination and 
subsequent cleansing and surface treatments on the shear bond strength of two different resin 
cements to zirconia 
 
1. Hypotheses 
The hypotheses to be tested are: 
• Saliva contamination has no influence on the shear bond strength of Multilink Automix 
resin cement to zirconia. 
• Saliva contamination has no influence on the shear bond strength of RelyX Ultimate resin 
cement to zirconia. 
• Using Ivoclean as surface treatment after saliva contamination will not improve the shear 
bond strength of Multilink Automix resin cement to zirconia. 
• Using Ivoclean as surface treatment after saliva contamination will not improve the shear 
bond strength of RelyX Ultimate resin cement to zirconia. 
• Sandblasting surface treatment after saliva contamination will not improve the shear bond 
strength of Multilink Automix resin cement to zirconia. 
• Sandblasting surface treatment after saliva contamination will not improve the shear bond 
strength of RelyX Ultimate resin cement to zirconia. 
• Washing with water after saliva contamination will not improve the shear bond strength of 
Multilink Automix resin cement to zirconia. 
• Washing with water after saliva contamination will not improve the shear bond strength of 
RelyX ultimate resin cement to zirconia. 
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• There is no difference in the shear bond strength using Multilink Automix or RelyX 
ultimate cements to zirconia. 
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MATERIALS AND METHODS 
 
All materials used in this study are mentioned in Table 2. 
Table 2: Resin cements and primers used in this study. 
Information on this table was obtained from most recent Material Safety Data Sheet (MSDS) of 
each product published by manufacture. 
  
 
Materials 
 
Manufacturer 
             
Composition 
Multilink Automix 
Cement 
Ivoclar- Vivadent, 
Amherst, NY, USA 
 
Base: ytterbium trifluoride, 
ethyoxylated bisphenol A 
dimethacrylate, Bis-GMA, 
hydroxyethyl methacrylate, 
dimethylaminoethyl methacrylate. 
Catalyst: ytterbium trifluoride, 
ethyoxylated bisphenol A 
dimethacrylate, urethane 
dimethacrylate, dibenzoyl peroxide.  
Monobond Plus primer 
 
Ivoclar- Vivadent, 
Amherst, NY, USA 
Alcohol solution of silane 
methacrylate, MDP, phosphoric acid 
methacrylate and sulfide 
methacrylate  
A and B Primer Ivoclar- Vivadent, 
Amherst, NY, USA 
Multilink Primer A is an aqueous 
solution of initiators. Multilink 
Primer B contains HEMA, 
phosphonic acid acrylate and 
methacrylate monomers.  
Scotchbond Universal 
Adhesive 
 
3M ESPE Seefeld, 
Germany 
 
Bis-GMA, HEMA, DMDMA, 
Ethanol, Water, Silanated silica, 
Propenoic acid, MDP, DMAB, 
DMEMA, Camphorquinone, MEK  
RelyX Ultimate Cement 
 
3M ESPE Seefeld, 
Germany 
 
Base: Silanated silica, Propenoic 
acid, Dimethacrylate, , sodium 
persulfate,Trimethylperoxyhexanoate  
Catalyst: Silanated silica, 
Bismethacrylate, Calcium salt, 
Calcium hydroxide, Titanium 
dioxide  
Ivoclean 
 
Ivoclar- Vivadent, 
Amherst, NY, USA 
 
Zirconium oxide, water, 
polyethylene glycol, sodium 
hydroxide, pigments, additives  
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1. Preparation of the Zirconia Samples 
One hundred samples (12 mm × 15 mm × 2 mm thick) were cut from inCoris TZI Full-Contour 
Translucent Zirconia Blocks using an Isomet 5000 saw (at 2500 RPM). The samples were then 
sintered in a high temperature furnace (VITA ZYRCOMAT) at 1530°C. The samples were 
randomly divided into 2 groups of 50 each, according to the resin cement used; RelyX Ultimate 
group and Multilink Automix group. After that, each group was divided into five subgroups 
based on saliva contamination and the surface treatment to be received (Figure 6). 
 
Figure 6: Design of the study. 
 
2. Saliva Collection 
Fresh whole saliva was collected in a sterile beaker from one healthy non-smoking female donor 
without any dental caries or periodontal disease one hour after brushing, who had not consumed 
any food since brushing and flossing, and was used immediately. 
Resin cement
Saliva
5 minutes 
Air drying
5 seconds
Water washing
10	seconds
Ivoclean paste
20 seconds 
Sandblasting
100 µm Al2O3
10 seconds 
Control group
(no contamination ,no 
surface treatment)
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3. Categorizing and Surface Treatments of the Zirconia Samples 
Group 1: Control 
In this group the zirconia plates did not receive any surface treatment or saliva application. 
Primer was applied according to manufacturer’s recommendation.  
 
Group 2: Saliva Contaminated 
In this group the zirconia plates were subjected to contamination with saliva for 5 minutes using 
a microbrush, followed by air drying for 5 seconds. 
 
Group 3: Water Washing 
The zirconia plates surfaces were subjected to contamination with saliva for 5 minutes using a 
microbrush. The surfaces were then rinsed for 10 seconds with a water stream from an air-water 
syringe, followed by air drying for 5 seconds.  
 
Group 4: Ivoclean 
The same procedure as in group 3 was employed, but after rinsing saliva with water and drying, 
Ivoclean was applied to the zirconia plates surfaces for 20 seconds according to the 
manufacturer’s instructions. The surfaces were then rinsed for 10 seconds with water stream 
from an air-water syringe, followed by air drying for 5 seconds. 
 
Group 5: Sandblasting 
The zirconia plates surfaces were subjected to contamination with saliva for 5 minutes using a 
microbrush. The surfaces were then rinsed for 10 seconds with a water stream from an air-water 
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syringe, followed by air drying for 5 seconds. The bond test surfaces were sandblasted with 100 
µm Al2O3 for 10 seconds from a distance of approximately 10 mm at 2 bars pressure. All 
specimens were ultrasonically cleaned with deionized water for 5 minutes, and then dried in the 
ambient atmosphere. 
 
4. Conditioning Zirconia Samples with Primers 
Samples were conditioned with primers following manufacturer’s instructions according to the 
cement. 
 
Scotchbond Universal (3M ESPE, St. Paul, MN):  
  For RelyX Ultimate cement groups, one drop was dispensed onto zirconia and spread 
over the entire surface using a disposable applicator; after 20 seconds it was gently air dried.  
 
Monobond Plus (Ivoclar Vivadent, Schaan, Liechtenstein): 
  For Multilink Automix cement groups, one drop was dispensed onto zirconia and spread 
over the entire surface using a disposable applicator; after 60 seconds, it was dispersed with a 
strong stream of air. 
 
A and B primer (Ivoclar Vivadent, Schaan, Liechtenstein): 
  Since it works as an activator for the cement it was applied after the Monobond plus 
primer.   A 1:1 mix of Multilink Primer A and B (Ivoclar Vivadent) was applied to the zirconia 
surface with a microbrush under slight pressure for 15 seconds, and then lightly air dried for 5 
seconds. 
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5. Fabrication of Resin Cement Cylinders 
An Ultradent jig (Ultradent Products) was used in specimen preparation for bond strength 
testing. It has an upper plate, lower base and plastic insert attached to the upper plate. The 
problem with the plastic insert is, it is sticky and can be used only for couple of times. A custom 
insert was fabricated from pure Teflon to solve this problem. Teflon is a non-sticking material 
widely used on many dental instruments as a coating to prevent sticking of dental materials on 
the instruments. 
 Zirconia sample was positioned on the lower base between the two jig components. The 
screws were tightened and the resin cement was slowly injected from the cement syringe through 
the Teflon insert, trying to minimize air bubbles. Excess cement was removed immediately with 
a microbrush. After 10 minutes the screws were released and samples were removed. The resin 
cement cylinder’s average diameter was 3.38mm (Figure 7). 
  
22 
 
 
  
A 
C 
D 
E 
 
B 
B 
A and B Ultradent bonding jig (Ultradent) with the new Teflon insert.  C and D Application and 
Bonding of resin cement rods to zirconia surface using Ultradent bonding jig (Ultradent).  E Bonded 
specimens 
Figure 7: Bonding Methodology. 
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6. Incubation 
All bonded specimens were subjected to a 24-hour period in an incubator at 37 °C while 
immersed in distilled water held in a glass container. Water storage and incubation of bonded 
samples are suitable procedures to simulate aging at a temperature similar to that of the human 
body and to stress the bonding interface (Rosenstiel, Land, and Crispin 1998) . 
 
7. Shear Bond Strength Test 
Samples were placed in apparatus for testing shear bond strength (Figure 8) and were stabilized 
by the fixation screw and fixation plate of the apparatus (Figure 9). Flat edge plunger 
was positioned at the zirconia resin cement interface (Figure 10). The failurre load of for each 
sample was registered using a universal testing machine (Instron Corp. Canton, MA) controlled 
via its computer software program (Bluehill version 3.32) using 10 KN load cell at a 0.5 mm/min 
crosshead speed. The load at failure was documented and converted to shear bond strength in 
(MPa). 
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Figure 8: Apparatus for testing shear bond strength. 
                                                             
                                                                   
  
Fixation 
plate 
Fixation screw 
Figure 9: Stabilizing the zirconia plate by the fixation screw and fixation plate of the apparatus. 
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Figure 10: A flat edge plunger positioned at the zirconia resin cement interface. 
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FAILURE ANALYSIS 
Fractured interfaces on the zirconia samples were examined using a light microscope at 15X 
magnification (SM80T, SWIFT, CA) to identify the failure mode as either adhesive between 
resin and zirconia, or cohesive within the cement. 
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STATISTICAL ANALYSIS 
Shear bond strengths were analyzed by one-way analysis of variance (ANOVA) to assess the 
effect of saliva contamination and surface treatment on resin cement bond strength to zirconia. 
Tukey honestly significant difference (HSD) comparison test was conducted at the 0.05 level of 
significance to indicate influence of different cements and surface treatments. 
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RESULTS 
1. Comparison of the Shear Bond Strength of RelyX Ultimate Cement Using 
Different Surface Treatments  
Table 3 and Figure 11 display the shear bond strength mean and standard deviation values of 
RelyX ultimate cement. Results of a one-way ANOVA as well as the results of multiple 
comparisons using Tukey's HSD tests revealed that sandblasting group showed the highest 
values of shear bond strength compared to other groups (p < 0.05). There was no significant 
difference statistically between the control group and the Ivoclean group or between the water 
washed group and the saliva contaminated group (p > 0.05). The study results did, however, 
show a statistically significant difference (p < 0.05) in shear bond strength between the Control 
and Ivoclean groups, and the Saliva contaminated and water washed groups.  
 Surface treatment        Mean ± SD  
Sandblasting         6.34 ± 0.77    A 
Ivoclean paste         3.10 ± 0.16     B 
Control          2.86 ± 0.23     B 
Saliva contaminated         2.11 ± 0.15     C 
Water washed         1.73 ± 0.25    C 
Table 3: RelyX Ultimate shear bond strength to zirconia after saliva contamination and 
different surface treatment methods. 
*Values not connected by same letter are significantly different. 
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Figure 11: Shear bond strength means and standard deviations for all the groups using 
RelyX Ultimate cement. 
 
2. Comparison of the Shear Bond Strength of Multilink Automix Cement Using 
Different Surface Treatments 
Table 4 and Figure 12 display the mean and standard deviation values of Multilink Automix 
cement. Results of a one-way ANOVA as well as the results of multiple comparisons using 
Tukey's HSD tests revealed that the sandblasting group showed the highest values of shear bond 
strength compared to all other groups (p < 0.05), and the saliva contaminated group had the 
lowest shear bond strength values among the groups (p < 0.05). 
 In addition, a statistically significant difference (p < 0.05) in shear bond strength was found 
between the Ivoclean group and the following groups: water washed, control, and saliva 
contaminated groups. The results showed no significant difference (p > 0.05) between the water 
washed group and the control group. 
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Surface treatment        Mean ± SD  
Sandblasting         13.7 ± 1.39    A 
Ivoclean paste          10.9 ± 1.28    B 
Control           4.90 ± 0.27    C 
Water washed         4.70 ± 0.64    C 
Saliva contaminated         1.57 ± 0.22    D 
Table 4: Multilink Automix shear bond strength to zirconia ceramic after saliva 
contamination and different surface treatment methods. 
* Values not connected by same letter are significantly different. 
 
 
Figure 12: Shear bond strength means and standard deviations for all the groups using 
Multilink Automix cement. 
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3. Comparisons Between the Shear Bond Strength of Multilink Automix and RelyX 
Ultimate Resin Cements Using Different Surface Treatments 
The shear bond strengths of all tested groups are presented in Figure 13. The results of one-way 
ANOVA and Tukey HSD test showed a statistically significant difference in shear bond strength 
between the groups (p < 0.05). The results showed that the highest bond strength values (13.72 
MPa) were for the sandblasting group using the Multilink Automix cement, followed by the 
Multilink Ivoclean group, and then the RelyX Ultimate sand blasting group. This difference was 
statistically significant at (p < 0.0001). The lowest shear bond strength (1.56 MPa) was recorded 
for the saliva contaminated group using Multilink Automix cement. 
 
        
Figure 13: Shear bond strength means and standard deviations for all the Groups in 
Multilink Automix and RelyX Ultimate Cements. 
*Values not connected by same letter are significantly different. 
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FAILURE MODES 
The number of specimens out of 10 that resulted in adhesive failure for each resin cement 
and surface treatment is shown in Table 5. All the remaining failures were considered mainly 
cohesive, and not included in this table. The control groups of the two cements failures were 
completely cohesive. For Ivoclean groups and sandblasting groups with high shear bond 
strength, failures were found to be cohesive. In contrast, for the saliva contaminated groups the 
failure mode was completely adhesive at the zirconia surface, without any resin cement 
remaining on the zirconia surface. When RelyX Ultimate was used in conjunction with the water 
washed groups, the failure mode was completely adhesive without any resin cement remaining 
on the zirconia surface. Using Multilink Automix cement with the water washed groups yielded 
mainly cohesive failures (8 out of 10). (Figures 14-23). 
 RelyX Ultimate Multilink Automix 
Groups Cohesive Adhesive Cohesive Adhesive 
Control 10 0 10 0 
Saliva contaminated 0 10 0 10 
Water washing 0 10 8 2 
Ivoclean paste 10 0 10 0 
Sandblasting 10 0 10 0 
             Table 5: Failure Types of Tested Groups and Cements. 
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Figure 14: Control group using Multilink Automix cement (cohesive failure). 
 
 
 
 
 
 
 
Figure 15: Control group using RelyX Ultimate cement (cohesive failure). 
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Figure 16: Ivoclean group using Multilink Automix cement (cohesive failure). 
                                   
 
 
 
Figure 17: Ivoclean group using RelyX Ultimate cement (cohesive failure). 
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Figure 18: Saliva contaminated group using Multilink Automix cement.                                       
(adhesive failure without any resin cement remaining on the zirconia surface) 
 
 
           
Figure 19: Saliva contaminated group using RelyX Ultimate cement. 
(adhesive failure without any resin cement remaining on the zirconia surface) 
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Figure 20: Sandblasting group using Multilink Automix cement (cohesive failure). 
       
                       
 
 
                       
Figure 21:Sandblasting group using RelyX Ultimate cement (cohesive failure). 
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Figure 22: Water washing group using Multilink Automix cement (cohesive failure). 
 
 
 
 
Figure 23: Water washing group using RelyX Ultimate cement. 
(Adhesive failure without any resin cement remaining on the zirconia surface) 
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DISCUSSION 
The results of this study illustrate that saliva contamination significantly reduces the shear bond 
strength between both RelyX Ultimate and Multilink Automix resin cements applied to zirconia 
compared to the control group. This result is in agreement with the study done by Patel, which 
was designed to test resin to zirconia bond strength and its durability related to different cleaning 
methods of contaminated zirconia bonding surfaces. It was found that saliva contamination led to 
the lowest bond strength values (Patel 2015). 
 After saliva contamination, saliva leaves a film of glycoprotein sugars on the zirconia 
surface after water evaporation from it, making bonding a very difficult task. Also, the zirconia 
shows a strong affinity towards the saliva phosphate groups. Saliva contains various phosphate 
groups which react with the zirconia surface making the bonding between the zirconia and resin 
cement very challenging compared to a clean zirconia surface. This mechanism of contamination 
of zirconia surfaces is well explained by Kweon and Hakansson (Kweon and Håkansson 2006). 
Therefore, the null hypothesis that saliva contamination has no influence on the shear bond 
strength of RelyX Ultimate and Multilink Automix resin cement to zirconia was rejected. Figures 
24-25 show the different MDP bonding mechanisms with clean and saliva contaminated zirconia 
surfaces.  
Resin cement bonding systems are sensitive to contamination by saliva, therefore, 
eliminating saliva contamination is highly desirable. Surface treatment of zirconia bonding 
surfaces is recommended to improve the interaction between resin cement and zirconia and to 
achieve the best resin cement to zirconia bond strength. 
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Figure 24: MDP– mechanism of action with clean zirconia surface. 
 
     
Figure 25: MDP– mechanism of action with saliva contaminated zirconia surface. 
 
 Using only water spray to rinse zirconia samples after saliva contamination significantly 
reduced the shear bond strength value compared to the control group in the RelyX Ultimate 
MDP$phosphate$group
Clean$zirconia$surface
Saliva&phosphate
MDP&Phosphate&group.
Contaminated&zirconia&surface&
Clean zirco ia surface  
Contaminated z conia surface  
MDP ph ate group. 
Saliva phosphate. 
MDP phosphate 
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cement group. However, it did improve the shear bond strength of the zirconia to Multilink 
Automix cement group to reach the values of control group. An organic coating formed of 
salivary proteins, bacteria, and food debris in water solution adheres on enamel surface after few 
seconds of saliva contamination; this organic coating cannot be removed by conventional 
washing methods (Silverstone, John Hicks, and Featherstone 1985). Zhang et al. found that 
saliva contamination negatively affects resin bonding to zirconia because an organic coating 
which is resistant to washing with water also adheres to the restorative materials in the first few 
seconds of contact (Zhang et al. 2010). Moreover, Yang et al. found that non-covalent adsorption 
of salivary proteins has the potential to easily adhere to the zirconia surface after direct contact 
with saliva for 60 seconds. Clearly, this organic coating could not be removed by rinsing with 
water (Yang et al. 2007). Figure 26 shows that zirconia has strong affinity to saliva phosphate 
groups, and after saliva contamination the organic coating resists complete removal by washing 
with water.
 
 
The null hypothesis that water washing after saliva contamination will not improve the 
shear bond strength of RelyX Ultimate resin cement to zirconia proves to be correct, while the 
null hypothesis that water washing after saliva contamination will not improve the shear bond 
strength of Multilink Automix resin cement to zirconia can be rejected because there was 
improvement in the shear bond strength compared to the saliva contaminated group. 
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Figure 26: Water washing– mechanism of action. 
 
According to the present study results, Multilink Automix produces a higher bond 
strength than RelyX Ultimate cement. Consequently, the null hypothesis that there is no 
difference in the shear bond strength between Multilink Automix and RelyX Ultimate resin 
cements to zirconia should be rejected. This can be explained by the different primers that are 
used to condition the zirconia samples before receiving the cement. It was reported in previous 
studies that phosphate monomers (MPD) are valid chemical agents for improving zirconia 
bonding (Sanohkan et al. 2013) . Both Scotchbond and Monobond plus are MDP primers which 
contain 10-methacryloyloxy decyldihydrogen phosphate. The methacrylate group co-
polymerized with monomer in the resin cement and the phosphate group bond strongly to 
zirconium oxide (Lee et al. 2015). 
Scotchbond was applied on RelyX Ultimate samples for 20 seconds, while Monobond 
plus was applied on Multilink Automix samples for 60 seconds. The A and B primer works as an 
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activator for multilink cement. Therefore, a 1:1 mix of A and B was applied to Multilink 
Automix zirconia samples after the Monobond plus primer. The A and B primer also has 
phosphate groups. In this way there are more phosphate groups available to bond to the zirconia 
surface. This may increase the chemical bonding between the cement and zirconia and could be 
the reason why the Multilink Automix cement is stronger than the RelyX Ultimate cement in this 
study. It also explains why the Multilink Automix maintained values close to the control group 
values after water washing even though it was proved by previous studies that water washing 
alone could reduce the values of shear bond strength (Zhang et al. 2010).  
In the present study the Ivoclean paste was found to be effective in removing saliva 
contamination and enhancing the shear bond strength of RelyX Ultimate and Multilink Automix 
cements. According to the manufacturer’s (Ivoclar Vivadent Scientific 2011) documentation, 
Ivoclean works like a sponge to remove salivary phosphate contaminants by adsorption from the 
surface and provide a clean surface for improved resin bonding. This cleaning affect of the 
Ivoclean paste after saliva contamination of zirconia surfaces is well explained by Kim et al. The 
aim of their study was to evaluate the efficacy of various cleaning solutions on saliva-
contaminated zirconia for improved resin bonding. To determine the effectiveness of the 
cleaning methods, specimens were examined with X-ray photoelectron spectroscopy (XPS). 
 It was found that a 0.5% of phosphate element was detected in groups that used water washing 
to clean the zirconia surface, while no phosphate element was detected in groups that used the 
Ivoclean paste to clean the contaminated surface. It appears that the application of Ivoclean 
successfully removes various contaminants including salivary phosphate and improves the shear 
bond strength between zirconia and resin cement (Kim et al. 2015). Consequently, the null 
hypothesis that using Ivoclean as surface treatment after saliva contamination will not improve 
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the shear bond strength of RelyX Ultimate and Multilink Automix resin cements to zirconia was 
rejected. Figure 27 shows how the Ivoclean removes saliva contamination completely leaving a 
clean zirconia surface. 
 
 
 
Figure 27: Ivoclean – mechanism of action. 
 
Additionally, the results of sandblasting present the highest values in both resin cements.  
This verifies that air abrasion is a valuable cleaning method for saliva contaminated zirconia. 
Similar results were shown in previous studies. These studies showed that air abrasion not only 
cleans the zirconia surface from various contaminants but also exposed a fresh bonding surface 
by mechanical removal of superficial zirconia (Yang et al. 2007). Other studies of zirconia 
cemented with MDP primer after air abrasion, reported higher bond strengths than zirconia 
cemented with MDP primer without air abrasion (Kern and Wegner 1998). The null hypothesis 
Saliva&phosphate
Ivoclean paste
Contaminated zirconia surface                               clean zirconia surface        
Saliva phosphate. 
   Ivoclean pa  
 
Contaminated zirconia surface. Clean irconia surface. 
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that sandblasting will not affect the RelyX Ultimate and Multilink Automix resin cements shear 
bond strength to zirconia after saliva contamination was rejected. 
It is probable that once saliva contacts the zirconia surface, salivary pellicle deposits on 
the surface, thus lowering resin bond strength to zirconia regardless the resin cement used. 
Therefore, surface treatment is recommended to remove saliva contamination and improve the 
interaction between resin cement and zirconia. 
The sandblasting and Ivoclean groups showed higher results than control groups. This 
might be explained by the ability of the sandblasting and Ivoclean paste to remove other kinds of 
surface contaminants from the zirconia surface compered to control groups which did not receive 
any surface treatment. These contaminants could be due to handling or from surrounding 
environment. 
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LIMITATIONS OF THE STUDY 
Still, there are several limitations to this in vitro study, which may not completely simulate in 
vivo performance. The oral cavity presents a different testing environment and situation. For 
instance, the presence of water, saliva, temperature change, pH level, and mastication forces in 
the oral cavity may considerably affect the bond strengths of resin cements to zirconia. The 
present study evaluated only the bond strength of the resin cements to zirconia. Further studies 
are required to test the resin cement shear bond strength in the presence of tooth structure.  
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CONCLUSIONS 
1. Saliva contamination significantly reduces resin cement shear bond strength to zirconia. 
2. Air abrasion with aluminum oxide particles (AL2O3) promotes the highest bond strength 
regardless of the cement. 
3. Ivoclean use after saliva contamination positively influences and improves the shear bond 
strength of resin cement to zirconia. 
4. Multilink Automix control surface produced significantly lower shear bond strengths than 
Ivoclean or sand blasted surfaces. 
5. Multilink Automix resin cement shows higher shear bond strength value than RelaX 
Ultimate resin cement regardless the surface treatment received. 
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